BACKGROUND: Thrombocytopenia has been shown to be the single most useful laboratory investigation for identifying subclinical cirrhosis of varying etiologies. However, alcohol per se can result in thrombocytopenia, and hence it is unclear whether platelet count can identify cirrhosis in patients who are alcoholic. OBJECTIVES: To characterize the utility of clinical predictors, especially platelet count, for identifying the presence of cirrhosis in alcoholics. To develop a simple, objective model for identifying cirrhosis in alcoholics. DESIGN: Retrospective cohort study. PARTICIPANTS: A total of 2,471 consecutive hospitalized patients with abnormal liver enzyme levels were screened, from which 272 patients with a history of recent and ongoing alcohol intake, negative diagnostic studies for alternative etiologies of chronic liver disease, and recent liver imaging with ultrasound or CT scan were included. MAIN MEASURES: Results of liver imaging and admission laboratory studies including liver enzymes, coagulation studies, and blood counts. KEY RESULTS: One hundred twenty-nine patients (47 %) had cirrhosis based on imaging; 143 patients (53 %) had no cirrhosis. A pre-sobriety platelet count (during ongoing alcohol intake) of less than 70*10 3 cells/ mm 3 was effective for ruling in cirrhosis (positive likelihood ratio [LR] 6.8, 95 % CI: 3.4, 14); platelet count greater than 200*10 3 was useful for ruling out cirrhosis in alcoholics (negative LR 0.18, 95 % CI: 0.10, 0.35). Multivariate logistic regression analysis identified international normalized ratio (INR) (p<0.01) and pre-sobriety platelet count (p<0.01) as independent predictors of cirrhosis. A Model for identifying Cirrhosis in Alcoholic Liver Disease (MCALD) was developed using the INR and pre-sobriety platelet count; it had an area under the receiver operating characteristic curve of 0.89 and Hosmer-Lemeshow goodness of fit chi 2 (p value) of 8.9 (0.35) for predicting cirrhosis in alcoholics. A MCALD score > 5.5 corresponded to an increased likelihood of cirrhosis (LR: 6.5, 95 % CI: 4.3, 11.0) and a MCALD score < 5.5 corresponded to decreased likelihood of cirrhosis in alcoholics (LR: 0.25, 95 % CI: 0.19, 0.36). Sobriety platelet count (after alcohol abstinence) at a cutoff of 160*10 3 had positive LR of 7.9 (95 % CI: 4.4, 14) and negative LR of 0.42 (95 % CI: 0.34, 0.52) for predicting cirrhosis in alcoholics.
INTRODUCTION
In the United States, cirrhosis is the 10th leading cause of death overall, with mortality rates of approximately 9.3 per 100,000 persons. The number of deaths from alcoholic liver disease in 2010 was reported to be 15,990 1 . Globally, in 2010, alcoholattributable liver cirrhosis was responsible for 493,300 deaths and 14,544,000 disability-adjusted life years (DALYs), representing 0.9 % (0.7 % for women and 1.2 % for men) of all deaths and 0.6 % (0.4 % for women and 0.8 % for men) of all DALYs worldwide 2 . If cirrhosis is identified early, interventions to prevent morbidity such as endoscopic screening for varices and hepatocellular carcinoma surveillance may influence outcome. Furthermore, advice for abstinence may be bolstered.
Aberrations in liver enzymes identify patients with alcoholic liver disease but cannot specifically sort those with cirrhosis from those with a less ominous type of liver disease. The diagnosis of cirrhosis is usually straightforward in a patient who has massive ascites, variceal hemorrhage, or hepatic encephalopathy. However, identifying cirrhosis in a patient with abnormal liver enzymes and previously unsuspected cirrhosis (subclinical cirrhosis) is challenging. Most patients with early cirrhosis have no clinical manifestations of the disease. Liver biopsy is the gold standard, but is invasive, and rare complications such as bleeding can be lethal 3, 4 . Moreover, it is subject to sampling error and inter-observer variability. Ultrasonography identifies cirrhosis with reasonable sensitivity and specificity 5 , but may not be feasible in every case. Studies have shown that thrombocytopenia is the single most useful laboratory predictor of cirrhosis with viral etiology 6 . In cirrhosis, thrombocytopenia occurs as a result of a combination of hypersplenism secondary to portal hypertension and impaired thrombopoiesis from inadequate hepatic cell generation of thrombopoietin. However, in cirrhosis of alcoholic etiology, the utility of platelet count to help differentiate between cirrhotic and non-cirrhotic liver disease is unclear, as alcohol per se can cause thrombocytopenia by bone marrow depression and direct platelet toxicity 7, 8 . It has been reported that regular administration of alcohol for 3 to 5 weeks causes an isolated fall in platelet count 7 . This effect of alcoholinduced thrombocytopenia lasts for 5 to 7 days after alcohol abstinence 7 , and the platelet count should reach its normal level after 7 days of abstinence from alcohol intake. Various prediction models and scoring systems have been proposed for predicting cirrhosis in alcoholics, but these models have either not been validated or were found to be too specialized and not routinely available for clinical use [9] [10] [11] . Therefore, we aimed to study the role of platelet count for identifying underlying cirrhosis in patients with alcoholic liver disease and with recent alcohol intake. We also aimed to develop and test a simple, objective model for predicting cirrhosis in alcoholics.
METHODS

Study population
We screened 2,471 consecutive patients with abnormal liver enzymes admitted to the John H. Stroger Jr. Hospital of Cook County, Chicago, IL, USA, from January 2009 through December 2011. We used electronic medical records to select those with a negative hepatitis profile and who had an abdominal ultrasound or computed tomography (CT) performed within 3 months of admission. Among these, only patients with documentation of recent and ongoing alcohol intake (greater than 30 g/day for a period of at least 3 weeks prior to admission, with the last drink within 5 days of laboratory tests) and no evidence of any other etiology for elevated liver enzymes were included in the study. We excluded patients who had positive antinuclear antibody, anti-smooth muscle antibody, anti-mitochondrial antibody, and in whom liver biopsy suggested or confirmed an alternative etiology for elevated liver enzymes such as hemochromatosis, autoimmune hepatitis, or non-alcoholic steatohepatitis. We also excluded patients who had an alternate condition that could cause thrombocytopenia such as sepsis, autoimmune diseases such as lupus, and hematologic or oncologic malignancy. Patients who had clinically obvious ascites, who presented with variceal hemorrhage or overt hepatic encephalopathy, and patients who had a past history of ascites or esophageal varices were excluded from the study. Patients who did not have a liver ultrasound or an abdominal computed tomography were excluded as well, as the outcome of cirrhosis was measured based on imaging studies. The patients included in our study were admitted to the general internal medicine inpatient units for evaluation and management of alcohol intoxication or alcohol withdrawal or possible alcoholic hepatitis. Patients who were not actively drinking were excluded from the study. Data was extracted by one investigator (ARM) and verified by another investigator (VK).
Measurements
We recorded demographic data such as age and gender. We collected and analyzed the admission laboratory variables, namely, serum sodium, serum creatinine, total protein, serum albumin, total bilirubin, direct bilirubin, alkaline phosphatase, gamma-glutamyl transferase (GGT), aspartate transaminase (AST), alanine transaminase (ALT), lactate dehydrogenase, total cholesterol, white cell count, platelet count, and international normalized ratio (INR). We also calculated and recorded the Model for End-Stage Liver Disease (MELD) score and the AST to platelet count ratio index (APRI) based on the admission variables. The platelet count that was obtained at the time of admission was the platelet count during the phase of active alcohol intake, and hence we named this the 'pre-sobriety' . Cirrhosis was the outcome of interest in our study. The presence or absence of cirrhosis was determined solely on the basis of imaging studies.
Statistical analysis
We estimated based on prior studies that the sensitivity and specificity of platelet count at a cutoff of 160*10 3 cells/mm 3 as a diagnostic test to predict cirrhosis would be about 70 % and 80 %, respectively. Assuming that a clinically meaningful upper limit for the negative likelihood ratio was 0.5, we calculated a sample size of 110 patients in each arm, assuming an equal ratio of cirrhosis and no cirrhosis 12 . Continuous variables were tested for normal distribution and were expressed as mean (standard deviation), whereas non-continuous variables were presented as medians and ranges. Bivariate analysis was performed using t tests, with cirrhosis as the outcome of interest to compare the two groups.
Univariate logistic regression analysis was performed to identify significant variables in the identification of cirrhosis. Covariates with a P value of 0.10 or less were considered significant. A p value of 0.10 was used in order to avoid missing significant variables. The variables found to be significant in the univariate analysis, as well as variables thought to be clinically significant, were all included in the multivariate analysis. Logistic regression analysis with a stepwise backward elimination approach was used for model development. Predictive accuracy and calibration of the models were compared using receiver operating characteristic (ROC) curves and the HosmerLemeshow goodness of fit test. Bootstrapping, a re-sampling technique, was performed to validate the model in our population. Random sampling with replacement was performed, and 1,000 samples were obtained.
A risk score formula to predict cirrhosis was developed using variables significant on multivariate analysis. A p value of less than 0.05 was considered significant on multivariate analysis. A logistic regression model was used to develop the weights needed to create the risk score formula. The regression coefficients were exponentiated and then used to create the risk score. The sensitivity and specificity at various cutoff points of the risk score was calculated, and the score with the best sensitivity without compromising the specificity and vice versa, was chosen as the best cutoff value.
The sensitivity, specificity, positive and negative likelihood ratios for the various cutoffs and ranges of the platelet count and for the newly developed risk score were calculated and recorded. All analyses were performed using Stata 9.1 statistical software, TX, USA.
The study was approved by the institutional review board of John H. Stroger Jr. Cook County Hospital.
RESULTS
Of the 2,471 patients in the database from 2009 to 2011 with elevated liver enzymes, 2,199 patients were excluded from the study. Reasons for exclusion were absence of documentation of recent alcohol intake, presence of an additional or alternate etiology for abnormal liver enzymes, and the presence of a coexisting condition capable of causing thrombocytopenia. A total of 272 patients satisfied our inclusion criteria. Of these, 129 (47 %) had cirrhosis. The majority of the patients were Fig. 1 Area under the receiver operating characteristic curve of MCALD model to identify cirrhosis in alcoholics male (76 %). The distinction in clinical and laboratory variables between patients with and without cirrhosis is given in Table 1 . Univariate logistic regression analysis of admission variables identified age (p=0.04), serum albumin (p<0.01), serum total cholesterol (p<0.01), pre-sobriety (admission) platelet count (p<0.01), INR (p<0.01), and MELD score (p<0.01) as significant in predicting cirrhosis.
Multivariate logistic regression analysis of admission variables identified only pre-sobriety platelet count (P<0.01) and INR (P<0.01) as significant independent predictors of cirrhosis (Table 2) . A Model for identifying Cirrhosis in Alcoholic Liver Disease (MCALD) was developed using only two objective variables: pre-sobriety platelet count and INR (Table 3) . The predictive accuracy of MCALD in predicting cirrhosis in patients with alcoholic liver disease was 0.89 (P<0.01; 95 % CI: 0.85, 0.92) (Fig. 1) . The model calibrated well with a Hosmer-Lemeshow goodness of fit chi 2 of 8.9 and P=0.35. Addition of other variables did not improve the model.
The formula for calculating the MCALD score is: 5.3*INR-0.01*platelet count. The cutoff of the MCALD score that jointly maximizes the sensitivity and specificity to identify cirrhosis is 5.5, with a sensitivity of 78 %, specificity of 88 %, positive likelihood ratio (LR) of 6.5 (95 % CI: 4.3, 11.0), and negative likelihood ratio of 0.25 (95 % CI: 0.19, 0.36).
Bootstrapping of the MCALD model showed a 0.122 bias in the beta weight in the INR estimate, and 0.0004 bias in beta weight in the pre-sobriety platelet count estimate, indicating that the model may perform well in a clinical setting in the population studied.
Likelihood ratios
The mean pre-sobriety platelet count in patients without cirrhosis was 189.8*10 3 cells/mm 3 and in patients with cirrhosis was 111.4*10 3 cells/mm 3 (p value<0.01). Tables 4 and 5 provides the sensitivity, specificity, and positive and negative LR at different cutoffs and ranges of pre-sobriety platelet count to predict alcoholic cirrhosis.
The sensitivity, specificity, and positive and negative LR for various ranges of the MCALD score to predict alcoholic cirrhosis are provided in Tables 6 and 7 .
Platelet count after minimum of 7 days of alcohol abstinence (sobriety platelet count)
The mean sobriety platelet count in patients without cirrhosis was 264.4*10 3 cells/mm 3 and in patients with cirrhosis was 99.1*10 3 cells/mm 3 (p<0.01). Univariate analysis identified sobriety platelet count as a significant predictor of cirrhosis (Table 1) . A sobriety platelet count cutoff of 160*10 3 had a sensitivity of 61 %, specificity of 92 %, positive LR of 7.9 (CI: 4.4, 14), and negative LR of 0.42 (CI: 0.34, 0.52) for identifying cirrhosis in alcoholics.
DISCUSSION
Patients with abnormal liver enzyme levels as a result of alcoholic liver disease are frequently encountered by both general physicians and specialists. Identifying cirrhosis in these patients is of the utmost importance. Liver biopsy is untenable as a surveillance method for all patients at risk.
Numerous non-invasive serologic markers have been proposed for diagnosing alcoholic cirrhosis. The AST platelet count index (APRI index) that was developed was shown to have good sensitivity and specificity for predicting cirrhosis in patients with hepatitis C, but in patients with alcoholic cirrhosis it was found to have low sensitivity and specificity 10 . The PGA index (prothrombin, gamma glutamyl transpeptidase, and apolipoprotein AI [ApoA1] levels) has been shown to have good accuracy for detecting cirrhosis in patients with alcoholic liver disease 11 . The FibroIndex uses the platelet count, AST level, and gamma globulin level to detect significant fibrosis in chronic hepatitis C 12 , but its accuracy has yet to be validated. FibroTest and FibroSure are commercial tests for predicting fibrosis using the levels of alpha-2 macroglobulin, alpha-2 globulin, gamma globulin, apolipoprotein AI, gamma-glutamyl transferase, and total bilirubin, and they have been reported to have decent sensitivity and specificity in identifying cirrhosis. The FibroScan, or transient elastography, which was developed to allow evaluation of liver fibrosis by LR likelihood ratio measuring liver stiffness, has shown promising results
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. The major problem with these models is that the components of the tests are not readily available in most clinical laboratories; some of the tests are expensive, and others are too cumbersome to be of use to the physician in a clinical setting. Thus there is a need to develop a simple, objective model to help identify cirrhosis in alcoholics.
A recent meta-analysis by Udell et al. 6 identified thrombocytopenia as the single most important laboratory test for identifying cirrhosis of varying etiologies. The authors concluded that a platelet count cutoff of 160*10 3 has a positive LR of 6.3 and negative LR of 0.29 in predicting cirrhosis of varying etiologies. However, almost all of the studies used in the meta-analyses were performed on patients with cirrhosis of viral etiology.
In our study, we evaluated patients along the spectrum of alcoholic liver disease and who were recent alcoholics. With regard to the pre-sobriety (admission) platelet count, we found that a platelet count cu-off of 160*10 3 cells/ mm 3 had a poor LR for predicting cirrhosis in alcoholics. This is likely explained by the direct toxic effect of alcohol on platelet count 8 . We found, however, that a pre-sobriety platelet count of less than 70*10 3 was effective for ruling in alcoholic cirrhosis (LR+ 6.8), and a platelet count greater than 200*10 3 significantly decreased the likelihood of having cirrhosis (LR-0.18), which is of clinical value. A pre-sobriety platelet count ranging from 70*10 3 to 200*10 3 was ineffective for ruling in or ruling out cirrhosis. Unfortunately, 56 % of the patients in our study had a platelet count within this range, and hence pre-sobriety platelet count alone is not sufficient for identifying cirrhosis in this patient group.
With the addition of the INR to the pre-sobriety platelet count, the MCALD model had good diagnostic ability in identifying cirrhosis in alcoholics, as shown by the area under the ROC of 0.89. A MCALD score greater than 6 was highly suggestive of cirrhosis, with LR of 7.9 (95 % CI: 4.6, 14), while a score of less than 5 was effective for indicating a reduced likelihood of cirrhosis, with LR of 0.21 (95 % CI: 0.14, 0.31). Only 13 % of patients had non-diagnostic MCAL D scores from 5 to 6.
A platelet count after a minimum of 7 days of alcohol abstinence (the 'sobriety' platelet count) was found to be useful for identifying cirrhosis in alcoholics. It performed better than the pre-sobriety platelet count alone in differentiating alcoholic patients with cirrhosis from patients without cirrhosis. In comparing the pre-sobriety platelet count to the sobriety platelet count, we note that the sobriety platelet count at a cutoff of 160*10 3 had a positive LR of 7.9 (CI: 4.4, 14) while the pre-sobriety platelet count at a cutoff of 160*10 3 had a positive LR of just 1.8 (1.5, 2.2) for identifying cirrhosis in alcoholics. This superiority of the sobriety platelet count over the presobriety platelet count was consistent at various cutoffs of the platelet count. This difference in diagnostic ability is due to the direct toxic effect of alcohol on the presobriety platelet count, which is no longer evident on the platelet count obtained after a minimum of 7 days of alcohol abstinence. As such, the platelet count obtained after a period of alcohol abstinence at a cutoff of 160*10 3 cells/mm 3 had a likelihood ratio similar to that of the platelet count in the study published by Udell et al. 6 , suggesting that after a minimum 7 days of alcohol abstinence, the diagnostic utility of platelet count in alcoholic cirrhosis was similar to that in cirrhosis of viral etiology. However, it may not be possible to obtain a sobriety platelet count in all alcoholic patients.
The major limitation in our study was the use of imaging to diagnose cirrhosis rather than the gold standard of liver biopsy. However, in the current era, liver biopsy is rarely used to diagnose alcoholic cirrhosis, and in a majority of cases, the diagnosis is made by imaging studies. Another limitation of our study was its retrospective design. To overcome this limitation, we estimated the sample size needed to power our study and also provided the confidence intervals for all of our likelihood ratios. We could not be sure why the excluded patients did not receive imaging, and this may have skewed our sample. This was offset, however, by the large number of patients and relative uniformity of care. We did not study the correlation between the quantities of alcohol intake with the level of thrombocytopenia. Although patient reporting of alcohol intake may be a limitation from an efficacy perspective, it is similar to the history that would generally be obtained in real life, and hence may be a strength from an effectiveness perspective. Finally, some of the patients in our study may have been taking over-the-counter medications such as antiinflammatory agents or antidepressants, which may have contributed to thrombocytopenia.
CONCLUSIONS
A simple model consisting of two objective variables-namely, pre-sobriety platelet count and INR-is reliable for identifying cirrhosis in patients with alcoholic liver disease with recent and ongoing alcohol intake. A platelet count obtained after a minimum of 7 days of alcohol abstinence is also effective for differentiating alcoholic patients with cirrhosis from those without cirrhosis. Further prospective studies across other institutions are needed to evaluate the MCALD model.
